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<54) IMPROVBMENTS IN AND RELATING TO GAS-SKIIBLDBD 
•CaNSUMABUE ELBCrTROOE AIRC Vi'BLDING 



<7a) Wc, OQSAiB (Limited, a Bxkisti 
'CcMnpany, of 'Beecbings «Way, Gillingjiaiin, 
Kentj do herdtiy dedare ithe inventionj for 
which we pmy that patent may be granted 

5 (to iiis> and (the mediod toy wfaidi it is to be 
pezf onncd, Co be particukrly descck^ed -ia and 
by i&he f otUcywing scaitement : — 

This istvendon relates <to gas-shielded' consu- 
mable deotrode arc welding. More paTticu* 

10 lariy, :tbe anveation relates to gas-sltielded arc 
welding with a consumable electrode which is 
pushed by a motor driven electrode advanottg 
mechanism ittxwards die workpiece ohro-ugh a 
gtiide and conjCaoc meoaber serving (to tnansmit 

15 the welding ourrent to die electrode, said guide 
and ooxstact member being surrounded by a 
sinelding gas nozzle eleccnicaHy insulated fr<xn 
said guide and xxmtaac member. 

In (this icaid of weldin)g> some d^fioolties 

20 arc caused by the ccndcncy of l4ie wedding 
paster i&o enter liie passage between the guide 
and contax3t meoirber and "Sie shielding gas noz- 
zle, resuhuiig in a gradually growing aooumuJa- 
don of spatter in aaisd passage, ^aid eootantik- 

25 tEon has to be remoi^ from dme to tamt, 
as otherwise not ody idie siipply of ^ddkg 
gas to che welding arc, but elso sit& deotricai 
insulation of the shielding gas ni>Z2ie from 
«he guide land concasot sneonlber m<ay be 

30 impaired. If the shielding gas nozzle is m con- 
taa with the work, the deposit of spatter 
between ithe nozzle and ohe guide and oootaot 
member may initia£e an arc dischaxge between 
said pants, resulting in bodi pans being ruined. 

35 To ensure tttBJt the aooumulaoon of spaibter 
may be removed ia time, the ii^vention seeks 
to provide a method and appamtus whcrd)y 
a signai is derived from the oondimon of the 
eianroal of jhe shielding gas nozzle from die 

40 'guide and contact menijer. 

The anedrod according to the invention com- 
prises monitoring the electrical insulation 
•resisiflnce between abe guide and contact 
member and the shielding gas nozde to pro- 

45 vide an output signal when said resistance is 



lower than a pzedetemiined magnitude. 

*In die preferred way of carryixig out die 
invention, said signal is used to operate iswicdi 
means to break the wdding cSranL PneferaMy 
said signal operates means for stopping the ad- 50 
ivancement of the eleotrode and meazis for cut- 
tixtg off the sui^fy of shielding gas Co the 
shielding gas nozzle. 

The invendon also comprises an knprove- 
ment in apparatus for igas-shielded arc welding 55 
with a consumable electrode comprising a guide 
and contact member adapted to guide elec- 
trode Jdp towards the weidEng zone circuit 
moans connacdng said guide and contact 
member to one tenainal of a source of iweiding 60 
power, a shielding gas nozzle surrounding said 
guide and contaa member, said nozzle, being 
electrically insulated from said guide and con- 
tact member, conduit means connecting said 
nozzle to a source of shielding gas, a valve 65 
in said conduit means, an eleotrode advaTicing 
mechanism adapted ito push the consumable 
elooDrode through said guide and contact 
member, and a motor for drivdng said mecha- 
nism, said improvement comprising a monitor- 70 
ing cdixnm induding the electrical insidation 
resistance between said guide and contaa 
member bikI said shielding gas nozzle as well 
as a source of comral current and means sens- 
ang a change of ancmttoshig diouHt condmons 75 
resuking from a decrease <rf the magnitude of 
said ii^ukicion resistance, and indioa^ng or 
contpl means adapted xo be actuated by s^d 
sensbg means on detecdon by ^id fsensbg 
means off a magnitude of the insuflaition resist- 80 
ance bdow a predetennined ienreL 

'In the preferred embodiments of the invren- 
don, said control means compxiise switching 
means adapted on actuation by said sensii^ 
means oo break die welding dicuit 35 

The invention wHl be further descrftcd, by 
way of example, with reference to the accom- 
panying drawings, in wbach : — 

Ftg. 1 is a schematic representadon of a de- 
vice incoiporating the invention, and 90 
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Fig, 2 is a schematic represemation of an- 
wi)CT embodimeiit of the invention. 

In the device of Fig. 1, a sdiematic- 
ally shown welding gun f comprises 
5 a guide and contact tube 2 for a oousu- 
niable electrode 3 and a s^hielding gas nozzle 
5 concentrically surroundii^ iht contact ciAe 
2. The shielding gas nozzle is provided widi 
a cooling cham^r 4 connected to conduits 66 

10 for a cooling agent. The space enclosed be- 
tween the Yielding gas nozzle and the corrtact 
tube senres as a gas passage to which a shield- 
ing gas is supplied by a conduit 7 connected 
to a source 38 of shielding gas 

15 through a tnagnet valve 36a. AH 
of the conduits and electric cod- 
ductoirs cwinected to the welding gun arc 
compounded into a flexS>le hose unit 8 con- 
nected to a supply unit 9 containing all of 

20 the control devices and sources of supply re- 
quired for the operation of the wekMng gun. 
A welding rectifier 10 f oiming part of the sup- 
ply unit 9 is connected to three-phase mains 
'R, 'S, T dirough a switch Vh A single-phase 

25 recdfier il3 connected to a source of A.C vol- 
tage throu^ a switch 112 supplies a positive 
busbar il4 and a negative busbar 1^ feeding 
die vanous relay and conrtrol drcuits of tdie 
supply unic. A conductor 16 connects the posi- 

30 rive busbar 14 wifch die positive terminal of 
■the welding rectifier. A welding current con- 
ductor il7 connects the positive terminal of die 
welding redtifier with the contact tabt 2 of 
the welding gun. 

35 The negative terminal of the welding rccta- 
iicr is connecrcd to the woi^ 18 by a conductor 
19. The liquid coolii^ agent of the welding 
gun is cooled and drculated by a cooling unit 
comprising a tube coil 20, a fan 2ll driven 

40 by a moitor 51, and a pump 22 driven by 
a motor 50 for cixouladng the cooling agent. 
The fan mocor cirouit includes 'the winding of 
a rehy 23. A flow sensing dervke 24 is provid- 
ed in die coolant circulation system. A wire 

45 aldvanomg onadUaMsm 25 drcven by a motor 
52 feeds a wire 3 supplied by a wirc spool 
26 CO the welding gun through the hose unit 
S. 

A voltage divider comprising two resiston 

50 27 and 28 is conneored bstiween the tobars 
14 and 115. The resistor 27 is connected in 
pazalldl to a circuit bmnch oomprxstng die 
winding of a st^ relay 29^ a control conduotor 
30 fonning part otf the feose unit S> a normally 

55 closed contact 3il of a pash4>utton switch 32 
provided in the welding gun feindle, the con- 
tact tube 2, the welding currenc conductor 17, 
the conductor 16, and the positive bu^jar 14. 
The ratio olf tibe resistances df ihs re^sfittrts 27 

60 and 2S is such as to render the voltage appear- 
ing over the reastor 27 lower than the lower 
welding arc voltage occurrii^ during weiding. 
The arrangement of otiier elements shown in 
Fig. 1 will appear from the following descrip- 

65 tion of the operation of the device. 



70 



75 



80 



85 



Prior ito scanting the welding operation, the 
operator doses die switches 11, 12 attd 33. 
The switdi 33 connects tise jjump motor 50 
anid tJie fan motor 511 dn diocdt wth the bus- 
bars 14 and 15 ena^d by the rectifier 13, 
so diat the pump 22 and die fan 21 start to 
work. Tlie itiay 23 in the fan motor 
dtoiit is casTffized and doses its nor- 
mally open coniact 23a. The flow sensing da- 
vice 24 m the coolant circulation system is 
opezaited by the flow of coolant and closes its 
normally open contact 24a. The start relay 29 
is energized by die currem flowing m the dr- 
cuit branch connected in parallel $o the resistor 
27, as above descnsbed, and opens its normally 
closed conCBCt 29a. 

The operator stiaits ithe welding opersjuon 
by operating the push4>utton switch 32. The 
contact 31 of said switch breaks the circui-t 
of the relay 29. The relay drops off, makxag 
its normally closed coatact 29a close a comiol 
circuit from <ohe positive busbar Il4 through 
the winding of a relay 34 and the relay con- 
tacts 23a, 29a and 24a to the negative busbar 
15. The reky 34 doses its Djormaliy open 90 
contacts 34a, 34b. The contaa 34a 
doses the energiang circuits of the 
winding of the relay 35 and the windn 
ing 36 cootrolling the flnagnet valve 36a, said 
windings being connected in parallel. Hie con- 95 
tact 34b closes the energizing circuit of a relay 
37. The relay 35 doses its normally open con- 
tact 3*5© controlling a contactor (not shown) 
in the rectifier unit 10, cau^ng said conHactDr 
CO operate and supply 4jbe welding voltage to 100 
the conductors 17 and '19. The m^net veWe 
36a opens, so tbat shielding gas is suj^lied 
to the welding gun through che conduit 7. T^e 
dosure of (he normally open contact 37a of 
the relay 37 «ier;^zes •the motor 52, causing 105 
the dectjode advancing mechanism 25 to 
Sfsat feeding die electrode 3 towards the work. 
Tlie contact of the deccrode with the vork-> 
piece starts die flow of welding current and 
igniites the arc 110 

During welding, spatter enters the space be- 
<iween the contact tube 2 and the nozzle 5 and 
gsaduoSy ioms a deposiit bdd^ling (the inesuiia^ 
don between said pat'ts. If during <die wddii:^ 
operation the nozzle 5 happens to touch ohe 115 
workpiece, the welding voltage wil] cause a 
leakage current to flow through said bridge. 
The leakage current, if allowed to grow unres- 
■trictedly, would inimte an arc between die 
oonmot tiibe and die >gQ$ mzdt, resuS£ag in 120 
serrouu dainage do bonfh of so!^ parus. 7b q.vcM 
this, the invention provides means for monkor- 
ii^ the insulation resistance between the con- 
tact tube and the shielding gas nozzle, said 
means being adapted to react to a decrease 125 
of die insulation resistance before said resist- 
ance has dropped to the Icvd where initiation 
of an arc may occur, fin the apparatus of Fig. 
II, 'the insulation resistance forms part of a 
monimdng xaicm compcising t^e posildwe 130 
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busbar '14, die conductor 06, die nvelding ciff- 
ffent condiKtor ll7, the contact tii>e 2, ra- 
siEkdon resis&ance between die cootaci (tube 2 
and die gas nozzle 5, die gas nozzle 5 a reou- 

5 lier 39, the control conductor 30, the "wind- 
ing of die start leiay 29, die resistor 28 and 
the negative busbar !1!5. The forward direction 
of die recEE&r 39 is such as to pemit a current 
duough saiid -rect^ier by the acdon of die bus* 

10 bax voltage. -Wiien die tosuladoa levd drops 
stiUBdentl^ to cause the circmt current to reacli 
die anagmmde required for opesadon ci ihe 
rday 29 said reky operates, causing its nor- 
sna% dosed axsOLCC 29a Jto break die ener^- 

^ ii^ drcmt of die relays 34 and 37. Bodi df 
said ireiays drop off. Hflie noznially open con- 
loact 37a of die relay 37 dnterrupts the powu 
supply to die wire adyancemeQt motor 52, and 
die noranarlly tjpen contact 34a breals die cncr- 

^ gizing cirouit of die relay 35 and die iwisdiog 
36 contnolling oiie vlave 36a. The contaa 35a 
remms to its noxmally open tposirdon^ causing 
die welding ourrent contactor of die reoiifier 
omit to ibre& die welding drcuk, and i^e valve 

25 36a doses. 

The wdding operatioii thus automatically 
interrupted cannot be started again ttndl die 
cozKlucting deposst of spatter «n die noz^ has 
been removed. 

30 Jit .wiE be noted diat die relay 29 ihas a 
doable function. (First, it serves as a start relay 
coQCroUed by die push4>uitton switdi 32. (Se- 
condly, it serves as a anonitoring t'day oon- 
icrolled by the insulation resistance between the 

35 coraact tube and die shielding gas nozzle, 

TSk reccffier 39 proivdded in series with the 
winding of the momtoring rday 29 ensures 
that no false operatioD df said rday 29 results 
if die shielding gas nozzle 5 txrasimaHy makes 

w contact widi lie work during die welding 
operadon. Under said amditron, the 
voltage acting on die winding of 
the monitoring relay 29 is composed 
<rf two ocraponeats, to wit, the arc volt- 

45 age acting in the reverse direcdon of the rocd- 
fier elenieiit 39, and die vokage appearing over 
die resistor 27. In other words tihe poluig of 
the rectifier 39 is such as to render dt Btm- 
conduotmg in respect of die ounent i\d3ich die 

50 nvdding ivoltage tries to send from die positive 
iteiminai of the souice of welding power 
dirough die conductor '17^ busbar tl4, die resis- 
tor 27, the .winding of die moiHDoriag tday 
29 and the recdfier element 39 to the nozzile 

55 5 contaoQng the work IS wifaidi is an turn con- 
necced to die segadve tenxunal of the source 
of welding power. The 'vokage appearing aver 
the resistor 27 is lower dian die arc voltage, 
so the resulting voltage acts in die reverse 

60 direction of the rectifier element and therefore 
produces no current dirou^ the winding of 
die relay 29. 

Under certain conditions, short-circuits of 
short duration may occur JseOpween die elec- 
65 erode and the work during die welding process 



in connection with the tzansfer of metal from 
die deccrode to tiie work. As the voltage ap- 
pearing ever die resistor 27 is larger than the 
very low shoit-drcuit vokage beaiween the elec- 
trode and the work, a current will flow 70 
through die wimfing of the monitoring relay 
29 during the ^ort-drcuit periods if 
the nozide 5 is in contact with the wurk. 
Said current is, however, tisually of too short 
a duration to be able to operate ihe relay 29. 75 
■Said reilay may, if required, have delayed- 
operation diaracteristics. On die other band, 
a prolonged sha]S:-dTcmt between die electrode 
axtd die work MviiMt the nozizle is an con^ct 
widi the work cause die cniomtoring relay 80 
to react. It is diet^ore, sometimes advan- 
tageous to keep (die gas nozde in coatact wddi 
the work ax die starting of the welding process, 
ia order to eosure diac if die arc does not 
lire properly die electrode -is not kept in short 85 
-dixniiting contact nvith die work for an unduly 
long period. 

'In ipigure 2, eiemeixts corresponcHng to ele- 
ment in 'Figure 1 have been gpven dhe same 
reference numecals. In the foMowing descrip- 90 
don of the apparatus aocorcHng to iFigure 2, 
die switches 11, 12 and 33 are assumed to 
be cbsed. The apparatus comprises a spedal 
moniitoring relay 41 and a start relay 46 naving 
no momtoring function. The iwinding of the 95 
monitoring relay 41 is coimected in a cirouit 
extending from die posicwe busbar il4 diroaigh 
a resistor 40, the winding of die relay 41 and 
a resistor 42 to die negative busbar 115 . The 
current -in said ciromt is sufficient to cause 100 
the monitoring relay to operate, closing its nor- 
mally open contact 41a. The push-'burton 
switch 32 of the welding gim has a noimally 
open contact 43 connected in a dicuit f rmn the 
positive iMisbar 14 through die conduaor 16, 105 
die welding current condiiotor '17, the conaact 
/tiube 2, a resistor 44, die contact 43, die oontrol 
conriuotor 30, resistor 45 and the winding of 
the start relay 46 to the native busbar 15. 
The normally open contact 46a of the start re- no 
lay 46 (i!s comitiiited (in a oonimill xmKiim. wSodi 
is identical with the one described widi refer- 
ence to Figure II excespt (for the addition of 
die contact 41a of the monitoring relay 41. The 
closing of the control drcuk produces die same 1 15 
effects as die closing of die corresponding con- 
tro! circuit off F'igure 1. 

Tht sesistor 44 is connected in parallel to 
die insulation resistance becween the contact 
tu^ 2 and the gas nozzle 5 in scries with 120 
a rectifaer element 47. Moreover, a second ree- 
dier el^ent 49 is provided in a transversal 
dkcuit bitandh csomrcctnz^ dte jplosliitiuve edd of 
4^ resistor 42 with the positive end of the 
oircuk branch comprising die resistor 45 and 125 
the wincing of thestaiitre]ay46. Oonsequendy, 
die closing of the contact 43 of the pudi-6ut« 
ton switch 32 not only energises die start rdby 
46 but ako connects the insulation resistance 
between the members 2 and 5 in parallel with 130 



1,246^596 



the series ccamecnon of the winding of the 
(Donkor relay 4:1 and -the resistor 40 liirough 
said rectifier element 49. The polarity of said 
rectifier elements is sudi as to peank a flofw 

5 of cuneat in a circuit from the posichre busbar 
il4 dnou^ 'tJie conductor 16, i^ie -welding cur- 
rent concuctor 17, lihe contact tube 2, the in- 
sulakon resistance between che contact tube 
and 'die gas nozzle 5, the gas nozzle, the reod- 

10 fier dement 47, the dosed contact 43 of the 
push-butJton switch 32, the control conduaor 
30 die rectifier clement 49 and resiaor 
42 to the negative busbar 15. 'For reasons 
which will appear later, the resistance of the 

15 resistor 44 is so dimensioned that rfie poreotial 
drop in said resistance is lower than the weld- 
ing arc voltage. 

As the electrical insulation between the 
members 2 and 5 deterioraies, the part of the 

20 resiilring leakage current whidi flows through 
the rectifier element 49 and -the resistor 42 
will graduaEy increase the voltage drop in die 
resistor 42, resulting in a correspond- 
ing decrease of the potential difference 

25 acting on the series connectiDn of the resia»r 
40 and winding 4'L When the ksuladon resist- 
ance drops to a predetermined level, the moni- 
toring relay 41 drops off, cau»ng its nonnally 
open contact 4la Co 'break the oontrol circuit 

30 above dsscriibed, so nifaac ^ weSdnig opera' 
don is interrupted. 

The capacitor 48 connected in parallel 
wEch the windtog of monitacing relay delays the 
<frop-o^f of the relay. 

35 The purpose of the rectifier element 
47 is to prevent occasionai contact 
baween the gas noraie 5 and the 
work, whidi has the effect of applying 
die welding voltage across resistor 44, from 

40 causing overloading of the resistor 44 or un- 
wanted drop-off of the relay 46. Said contact 
establishes a circuit for the wdding voltage 
from the contact tube 2 through the resistor 

44, Hit rectifier elesnent 47 and (the gas nozzle 
45 5 to die work 18. As, however, die arc voltage 

ejDceeds the potential difference over the resis- 
tor 44 produced by current flowing betwe«i 
die busjjars, «he resulting voltage in said circuit 
act-s in the reverse direction of the rectifier 

50 element. Consequently, no curreDt will How. 

If however the gas nozzle 5 makes contact 
with die work, a short circuit between the elec- 
trode and the work will tend to deenergise the 
monitoring relay, as the short dcrcuit voltage 

55 will be less than the potential produced by 
the current flowing beween the busbars. How- 
ever, short circuits of the very short dunution 
usual m gas-shiel<&d arc weldmg due to occa- 
siond toudiing of the electrode and work do 

60 not cause the monitoring rday to drop o£f. 

The rectifier element 49 prevents an un- 
fiwantcd excitation of the relay 46 through a 
series circuit comprising the dements 40, 411, 

45, 46. 
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In die embodiments above described, the 
welding operation is automamcaHy 
tinned and the welding power switdied m 
<m. deteciion by the monitoring circuit of drop 
of die dnsuktion resistance below a predeter- 
mined level. The invention also includes embo- 
diments in wHch the insdatioo monitonBg 
means operate an abnn device, for instance 
a lamp or a bdl, by means of which die opera- 
tor is inforaned chat die gas nozzle requires 
to be dcancd of spatter deposit. 

WHAT WE CLAIM IS: — 

1. In gas-^eHcd arc wcWing m± a consu- 
niflble electrode which is pqished by a mocor- 
driven wire advancing mcchamsm towards the 
woikpiecc thnni^ a guide and ccmtact 
member serving to transmit the welding cur- 
rent to the electrode, said g^iide and oontaa 
member being surrounded by a shiekfing gas 
nozzle deotrically hsulatfid from said guide 
and comact moniber, the method which com- 
prises monitoring die electrical insulation 
resistance between said guide and contact 
member and said gelding gas nozzle to pro- 
Tide an output signal when said resistaiKC is 
lower than a predetermined magnitude. 

2. A method as daimed in Claim 1 in which 
said ouiput agnal is used to operate swkdi 
means adapted to break the welding cbcuat. 

3. A method as claimed in Qaim 1 or 2 in 
which said output signal is ttsed to operate 
means for stopping die advancemeant of the 
consumable elesctrode. 

4. lA method as daimed in any of OaLms 
H to 3 in which said ouspiit signal is used to 
operate means for outtBi^ off the supply of 
shielding gas to the Welding gas nozzle. 

5. iln apparatus for gas-shielded t^c welding 
widi a consumable electrode comprising a 
guide and contact member, said nozzle being 

the electrode dp towards die welding zone dr- 105 
cuiit means connecting said guide aid contaa 
mender to one tenminal of a source of welding 
power, a shielding gas nozzle smrounding said 
guttie and contact member, saad norfe being 
electrically insulated from said guide ajid con- 110 
uact wsnbGc, oonduit means oonndcting said 
norfe itt) a source of shkikiSng gas, a mlve 
in said conduit means, an electrode through 
said guide and contact member, and a motor 
for driving sadd mechanism, the improvement 115 
which comprises a monitoring drcuix inckidii^ 
the deotrkal insuladon resistance between said 
guide and ooncact member and said shidding 
gas nozzle as well as a source of control cur- 
rent and means for sensing a change of snoni* 120 
toring circuit conditions resulting from a de- 
crease of the magnimde of said insulatioQ 
resistance, and indicadng or control means 
adapted go be actuated by said sensing means 
on detection by said sensing means of a magni- 125 
tudc of the insulation resistance bdow a prode- 
termaned level. 

6. ApparaiGus as claimed in Oarni 5 in winch 
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said contra^ meaas comprise swkdnng imeans 
adapted on actuation by said sensing means 
CO break the welding circuit. 

7. Apparatus as claimed in Olazm 5 or 6 
S in iwibi<± said sensing cmeans is a flnonkoring 

relay tiiie winding of which is connected in 
series with saiid insuiaticKi resistance. 

8. Appaxatus as dakned in Oakn 5 or 6 
in whida said momtoring cirouic comprises tme 

10 branch containing the windiz^ of a monitoring 
iday canstitnting the sensing means of the 
cnrnkDring cirauic^ and a. secraid 4>raiioh con- 
caifidng insulation resistance, saad bran- 
ches beii^; oamected in paialld Trith eadt 

15 other end on series with e cooomon resistance, 
w lier d>y a decrease oif said insulation lesist- 
ance lesuks in a decrease of die currem: pass* 
Ing difoug^ said ononitoruig relay. 

9. lApparaitus as dasmed in daim 7 or cl^ 
20 i8 whidi further comprises a ooimaOy closed 

itxigger switch or push-bucton switch adapted 
CO ^hort-cirom said insulation resistance, and 
additional switchiag means adapted to control 
die electrode advancement cnmor and to be 
25 controlled by said monitoring relay, the bi- 
(rangemeitt (being such that operafdon c(f said 
moimtortng reday causes said additional 
switching imeans to swkcfii off die motor. 

10. (Apparatus as da^ed an claim 7 or 
30 dadm 9 in which tte source of wdding power 

as well as the iouice of control ouneat are 
D,C. sources and in which tthc winding of the 
monitoring relay in series with said insulation 
resistance is connected between points of a 

^5 control current supply circoit having a potential 
difference iowar .lian flhe welddng arc wlcage, 
the polaiifty of said potential difference being 
such as to impart to said guide and contact 
member a control vokage polaidty identical 

40 with its welding voltage polarity, said appara-- 
icus tether comprising a lectEfier element con- 
nected wdth said willing in sudi a way as to 
admit a flow of curreot (through said winding 
in duut direcdoa only which corresponds to ssdd 

45 potential diiffetence. 

HI. 'Appazaius as daimed on Gaim 10 in 
which Che ledMer dement is connected in 
•seites with, iche ivvinding of ihe cnoniicar rekiy. 
(112. lApparatus as claimed in Oaim 5 or 

50 in (which idhe source of coi^trol current is a D.C 
source and in which die anoxBCorisg circmt 
composes a fisrst biaiKah containiz^ ^e iwind- 
dng of a monitoring iday and connected at 
one esctremiQr to one tearmdnal of the source 

55 of control curxens:, a second branch comprising 
said insulation lesistance in seiies ravish a nor- 
mally open trigger switch or push-bunton 
swjftdi connected to said shielding gas nozsde, 
said ansuJajiason resist^ce being bunted by a 

60 resistor connected ot one extreoiily to said 
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guide and contaot member and to said one ter- 
minal of the source of control c urrent and 
switch, a third brandh comprising a resistor 
comtecced between said first-mentioned 
branch and die other tentninal of the 65 
source of cootzol curresi^ and a fourth 
branch conneoted beiwreen ssad second bcanch 
and said other terminal of the source of control 
ounenit, said founh branch contmning d)c 
winding of a start relay, a rectifier element: 
connecting the junctiioin of said fin^ and diird 
branches with >the junction of said second and 
fotuth branches, <he polarky of said lectcfier 
element being such as to prcveac the source 
of contrcft current from causing a flow of cur- 75 
rem ahrough <he series connection of said fh^ 
and fourth branches;, and wcldii^ current 
switching means controlled by said staxt relay 
and s^d- moniitormg reky in such a iway tba/t 
said switching means are caused to dose the 80 
wdding ciHrent mhea both of the relays are 
operated and> to remain in said st^ only as 
long as both of the relays reztiain operated, 
dropping off of either relay causing the switch- 
ing means to break the welding current 85 

13. Apparatus as claimed in daim 
12 in which the source of welding 
power is a D.C. source and in 
which the potential differeiLce caused 

by a flow of comrol current across rdie resistor 90 
^unmg said insulatix>n resistance is lower 
fh^n the weld^mg arc voltage and has a polarity 
such as to impart to said guide and contact 
member a control voltage polarity 'in respea 
of ihe shielding gas nozzle identical 'wsh its 95 
wdding vokage polarity in respect of the 
workpiece, said apparanus further comprising 
a rectifier element connected between said 
sheilding gas nozzle and said (trigger switch 
or push4>utaon switdi^ said shunting resistor 100 
being connected across Jthe series connection 
of said insulation resistance and said iast-^en- 
cioned rectifier dement, which is couneoced so 
as CO admit a flow of comirol current through 
said insukdcm resistance. 105 

14. A mediod of aic welding as herdnbe^bre 
desoibed wiith reference to Figure 1 or Figure 
(Z of ithe accompanying drawmgs. 

115. (Arc weMing apparatus as hereinbefore 
desczibed with reference to and as ilkiscraiced 110 
in Figure il of the accosnpan^mg drawings. 

:1^. iAnc welding apparaitus as hereixibdbre 
deserved with reference co and as iiHustraced 
in Fig. (2 of the accompanying dvaiwiD^. 

iBOUOLT, "WiAODE & TBNNAlNT, 
timi ^ 0112, Hatton Garden, 
London OEiCJl. 
'Chartered Patent Agents. 
Agenas for idie AppiiGam(s). 
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